Study Objectives: To investigate whether uvulopalatopharyngoplasty (UPPP) improves sleep quality in patients with obstructive sleep apnea (OSA) using the Functional Outcomes of Sleep Questionnaire (FOSQ) and the Karolinska Sleep Questionnaire (KSQ). Methods: Randomized controlled trial used to compare modified UPPP with controls at baseline and after 6 months. The controls received delayed surgery and a 6-month postoperative follow-up. All operated patients were offered a 24-month follow-up. At each follow-up, patients underwent polysomnography and vigilance testing and completed questionnaires. Nine scales were evaluated: five subscales and the total score in the FOSQ and three subscales in the KSQ. Results: Sixty-five patients, mean 42.3 years (SD 11.5), Friedman stage I and II, body mass index < 36 kg/m 2 , and moderate-to-severe OSA, were randomized to intervention (n = 32) or control (n = 33). In the FOSQ and in the KSQ, the mean rate of missing values was 6.2% (range 0%-19%) and 20.5% (3%-38%), respectively. In 8 of 9 scales, significant differences were observed between the groups in favor of UPPP. There were significant correlations between results from the questionnaires and objective measures from polysomnography and the vigilance test. At the 6-and 24-month postoperative follow-ups, eight of nine scales were significantly improved compared with baseline. Conclusions: In selected patients with OSA, subjective sleep quality was significantly improved 6 months after UPPP compared with controls, with stable improvements 24 months postoperatively. The correlations between subjective and objective outcomes and the long-term stability suggest a beneficial effect from surgery, although a placebo effect cannot be excluded. Trial registration number: NCT01659671. http://www.clinicaltrials.gov
INTRODUCTION
Obstructive sleep apnea (OSA) is a common cause of poor sleep, with a prevalence of 15% among men and 4% among women. 1 OSA is caused by repetitive upper airway obstruction during sleep, which reduces airflow despite continued respiratory effort, resulting in fragmented sleep and oxygen desaturations. As such, patients with OSA present excessive daytime sleepiness. OSA can be treated with noninvasive methods, most commonly continuous positive airway pressure (CPAP) or a mandibular retaining device (MRD). Although these treatments are effective, they have a high nonadherence rate-34.1%. 2 For these nonadherent patients, surgical treatment with uvulopalatopharyngoplasty (UPPP) may be an option. Although some studies have questioned the effectiveness of UPPP because of its potential side effects and lack of efficacy, 3 our group has published several studies, including a randomized controlled trial (RCT) (SKUP3), 4 which shows that modified UPPP may be safe and effective in improving nocturnal respiration in selected patients with OSA. The in-lab polysomnography (PSG) showed a reduced apnea-hypopnea index (AHI) by 60% from 53.3 (19.7) to 21.1 (16.7) events/hour. 4, 5 Another RCT of UPPP (42 patients; 23 operated and 19 controls) showed similar findings. 6 Moreover, SKUP3 found significant improvements after UPPP in blood pressure, 7 quality of life (QoL) (SF36), daytime sleepiness (Epworth Sleepiness scale [ESS] ), and sleep latency (evaluated using vigilance testing). 8 Sleep can be measured both objectively and subjectively. When objective sleep is measured, PSG is considered the golden standard. When subjective sleep is measured in clinical practice, different standardized questionnaires are often used. Examples of self-administered validated sleep questionnaires are the ESS, 9 the Functional Outcome of Sleep Questionnaire (FOSQ), 10 and the Karolinska Sleep Questionnaire (KSQ).
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This study assesses subjective sleep quality using the FOSQ and the KSQ before and after modified UPPP compared with controls. In addition, because the controls subsequently received UPPP, we evaluated all patients at a 6-month and a 24-month follow-up and correlated the subjective and objective outcomes using previous reports of the same cohort.
METHODS
This study consists of two parts: an analysis of secondary outcomes from a prospective randomized controlled trial performed by Browaldh et al. in 2013 (SKUP3) 4 with two study groups (intervention and controls) and an analysis of secondary outcomes from the 6-and 24-month follow-ups
Statement of Significance
Using a randomized controlled trial (RCT), our group has previously shown that surgical treatment with modified uvulopalatopharyngoplasty (UPPP) improves polysomnographic results and vigilance in selected obstructive sleep apnea (OSA) patients. However, less is known about the effect surgery has on subjective symptoms. Using the same cohort, we investigated whether surgery also improves sleep quality using pre-and post-surgery questionnaires and data gathered at two-year postoperative follow-ups. Compared to controls, the UPPP patients were significantly improved after surgery, and the improvement remained stable at the two-year follow-up. These improvements also correlated with outcomes from polysomnography and the vigilance test. We recommend UPPP for OSA patients who cannot adhere to nonsurgical treatments, although these results need verification with more RCTs of other cohorts.
of both the intervention group and the controls who received delayed surgery.
All OSA patients referred to the Ear, Nose, and Throat Department of the Karolinska University Hospital, Stockholm, Sweden from June 2007 to May 2011 for UPPP were eligible for this single-center study (Figure 1 ). All patients underwent clinical investigations by ENT specialists, with fiber-endoscopy of the upper airways. Patients who were considered suitable (no other obvious anatomical abnormality), and willing to undergo pharyngeal surgery, were asked to participate. The following inclusion criteria were used: males and females > 18 years of age; AHI ≥ 15 events/hour of sleep (from PSG); ESS score ≥ 8; excessive daytime sleepiness three times a week or more; body mass index (BMI) < 36 kg/m 2 ; Friedman stage I or II 6 ; and nonadherence with CPAP and MRD treatments, with the exception of patients with Friedman stage I and BMI < 30 kg/m 2 . The following exclusion criteria were used: serious psychiatric, cardiopulmonary, or neurological disease or an American Society of Anesthesiologists (ASA) classification of >3; patients who decline surgery; insufficient knowledge of Swedish language to complete questionnaires; nightshift workers; patients who could be dangerous in traffic according to responses in our nonstandardized questionnaire; severe nasal congestion (could be included after topical nasal treatment); previous tonsillectomy (as such patients were considered partially treated); Friedman stage III; and severe clinical worsening of OSA during the study.
The patients underwent all-night in-lab PSG procedures and completed questionnaires at baseline (both groups), preoperatively (control group), and at 6-and 24-month postoperative follow-ups (both groups). The morning after PSG, the patients underwent vigilance testing, a modified OSLER (only performed once at each evaluation point), to measure sleep latency as described by Browaldh et al. 8 
Intervention
The patients were randomized to receive either modified UPPP, including tonsillectomy, within 1 month (intervention group, n = 32) or no treatment for 6 months (control group, n = 33) before surgery. Our method, a modification of the method initially described by Fujita, 12 requires only minor resections of the soft palate and uvula using the cold steel technique 4 and suturing of the tonsillar pillars including the palatopharyngeal muscle. All surgeons used the same technique. 
The Functional Outcomes of Sleep Questionnaire
The FOSQ, developed by Weaver et al. in 1997, 10 is a 30-item questionnaire that includes a total score and five subscales. The FOSQ measures functions of everyday life and not only the patients' perception of their sleep. The subscales are General productivity (eight questions), social outcome (two questions), activity level (nine questions), vigilance (seven questions), and intimate relationship (four questions). Responses range from 1 to 4, where 1 is extreme difficulty and 4 is no difficulty. A zero means there was no engagement in the activity for reasons other than excessive sleepiness. Those responses and missing answers are excluded and the remaining answers are averaged. Every subscale therefore ranges from 1 to 4 with a total range of 5 to 20 (total score). If a subscale is entirely without answers, that subscale as well as the total score is excluded. Higher scores indicate that sleepiness had a less impact on everyday life. A normal total score is considered to be higher than 18. 10, 13 This study uses a validated Swedish version of the FOSQ.
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The Karolinska Sleep Questionnaire The KSQ measures subjective sleep and sleepiness and the patients' perception of their sleep and sleepiness.
14 The 1992 KSQ version 11 included several sections of questions; the first part consisted of 17 questions-seven referred to sleep quality (insomnia symptoms), three to snoring and cessation of breathing (symptoms of sleep apnea), and five to sleepiness and fatigue during the daytime (symptoms of sleepiness). The responses to the two other questions in the KSQ about (number 7) "nightmares" and about (number 11) "sleeping too few hours" were excluded in the present study according to Nordin et al. 10 Thus, this study evaluated responses from 15 questions. Responses range from 0 to 5, where 0 is never and 5 is always. The three subscales of the KSQ were named insomnia, apnea, and sleepiness. Low scores mean better sleep. The scores for each dimension were calculated as means across items. In contrast to the FOSQ, a single missing response in any subscale of the KSQ will generate the exclusion of the whole subscale, thus a missing value.
Statistical Analysis
As the data are ordinal, they are presented with medians and interquartile ranges. However, because the different subscales were originally calculated as means and to facilitate comparisons with other studies, means and standard deviations are shown in the tables. Changes within groups are calculated by subtracting the follow-up from the baseline values. Wilcoxonmatched pair tests were used to compare the results within groups, and Mann-Whitney U tests were used to compare differences in changes between groups.
For correlation analyses in the RCT among the vigilance test (sleep latency), polysomnography (AHI), the ESS, the FOSQ, and the KSQ, a nonparametric Spearman's rank correlation (SRC) test was used. Follow-up data were used since there were nine of 65 (14%) missing values at baseline for the vigilance test. Intention-to-treat (ITT) analyses were performed for all 71 randomized patients, including the six excluded patients at the start of the study. The missing variables were imputed to "no change from baseline" or "no change from follow-up." Among the patients with missing values at both baseline and follow-up, the median values for the subscales at baseline were used.
A "nonresponse analysis" was performed to evaluate participation bias. The baseline values for the group with values at the 24-month follow-up were compared with the group without values at the 24-month follow-up. A Mann-Whitney U test was used.
All statistical calculations were performed using Statistica 10.0 and Stata 13.1. The significance level was determined to be p < .05.
Ethics
The study was first rejected by the Swedish Regional Ethics Committee, 2007/449-31/3, but after an appeal, it was approved by the Central Ethics Committee, Ö21-2007.
RESULTS
The study included 65 patients (59 men and 6 women); 32 patients were randomized to the intervention group and 33 patients to the control group. All 65 filled in the questionnaire at baseline, although not all questions for all the subscales were completed. Baseline characteristics (Table 1) showed no significant differences between groups, except for the subscales of Intimate relationships in the FOSQ (p = .034).
The nonresponse analysis in all operated patients did not find any significant group difference at baseline in the group with values at the 24-month follow-up compared with the group without values at the 24-month follow-up, except for social outcome in the FOSQ (p = .032).
Randomized Controlled Trial

Functional Outcomes of Sleep Questionnaire
The mean rate of missing values was 6% (range 0%-19%) ( Table 2 ). The improvements were significantly larger in the intervention group compared with the control group in all subscales but the subscale social outcome. Thus, there were significant group differences between changes in five of six scales. In the intervention group, the median change of the total score was 1.03 (interquartile range from 0.37 to 3.47); in the control group, this change was −0.22 (−0.85 to 0.33). Results including mean values for all subscales are presented in Table 2 and as a boxplot for total score in Figure 2 .
Karolinska Sleep Questionnaire
The mean rate of missing values was 20.5% (range 3%-38%) ( Table 2 ). There were significant group differences between changes in all three subscales. The median reduction of insomnia was 6 (interquartile range from 3 to 11) in the intervention group and 2 (−2 to 5) in the control group. The subscale of apnea had a median reduction of 9.5 (3.5 to 12) in the intervention group, but did not change in the control group. The median reduction of sleepiness was 8 (2 to 11) in the intervention group and 2 (−0.5 to 4) in the control group. Results with mean are presented in Table 2 and as boxplots in Figure 3 .
There were significant correlations between follow-up values from the RCT between the questionnaires and the objective measures sleep latency and AHI. Sleep latency correlated on all subscales except social outcome. AHI correlated on all subscales except social outcome, intimate relationship, and total FOSQ. There were significant correlations between the results from the FOSQ and the KSQ and their subscales, as well as with the ESS. The r-values are shown in Table 3 . ITT analyses in the RCT were performed for all 71 randomized patients in both questionnaires and this did not change the results.
All Operated Patients at the 6-and 24-month Postoperative Follow-up
Functional Outcomes of Sleep Questionnaire
The per protocol analysis of all operated patients showed a mean rate of missing values of 13% (11%-20%) after 6 months and 25% (23%-29%) after 24 months (Table 4 ). The median value for general productivity was significantly improved after 6 months-from 3.63 (interquartile range from 3.25 to 3.88) to 4.00 (3.84 to 4.00)-and stable after 24 months. The median value for social outcome was unchanged after both follow-ups-from 4.00 (3.00 to 4.00) at baseline to 4.00 (4.00 to 4.00). The median value for activity level showed a significant improvement after 6 months-from median 3. Table 4 .
Karolinska Sleep Questionnaire
In the per protocol analysis of all operated patients, the mean drop-out rate was 18% (range 14%-26%) after 6 months and 26% (23%-35%) after 24 months (Table 4 ). The median value for insomnia was significantly reduced-from 16.5 (interquartile range 12 to 20) at baseline to 8 (4 to 12) after 6 months-and stable after 24 months. The median value for apnea was significantly reduced-from 12 (9 to 14) to 2 (0 to 4) after 6 monthsand stable after 24 months. The median value for sleepiness was reduced highly significantly-from 13 (9 to 15) to 4 (2 to 6.5) after 6 months-and stable after 24 months. See Table 4 for results with mean values.
DISCUSSION
This RCT showed significant group differences in the changes of the FOSQ and the KSQ. Altogether, eight of nine scales improved in the intervention group. There were also several significant, although moderate, correlations between the Figure 2 -Showing the results from the three subscales of the Karolinska Sleep Questionnaire (insomnia, apnea, and sleepiness) with box plots (median, 25% and 75%) and bars (10% and 90%) and outliers; at baseline (all), at 6 months for controls, and for all operated on, aKer 6 and aKer 24 months. n = number of patients in each group, total number and percentage.
results from questionnaires and objective parameters (AHI and sleep latency). Compared with baseline, all operated patients exhibited significant improvements in the FOSQ (except social outcome) and the KSQ at the 6-and 24-month follow-up. BMI, a possible confounder, remained unchanged both in the RCT and in all operated patients during the 6-and 24-month follow-up. 15 The subscale vigilance in the FOSQ had the lowest values of all subscales at baseline and had the best improvement in the RCT. This change is of interest since this subscale includes questions on the ability to operate motor vehicles at long distances (question 7), and patients with OSA have a well-established increased risk of traffic accidents. 16 In addition, this subscale also correlated with our published results from the RCT in the objective vigilance test (sleep latency, r = 0.49), which showed a significant improvement in the operated group with a mean increase of 9.2 minutes compared with controls, 8 providing further indications of a beneficial effect.
The subscale of intimate relationships is difficult to interpret due to group differences at baseline and a drop-out rate of 19% in the intervention group. Nonetheless, there was a significant improvement in this group compared with the control group, which showed no improvement.
Interestingly, social outcome was the only subscale without significant group differences in the RCT, and no significant improvement for social outcome was evident for all operated patients. However, the baseline value was the highest among the subscales, indicating that the study population did not consider these activities to be much of a problem even before surgery, so there was little room for improvement.
The FOSQ has previously been used by Billing et al. in a randomized trial to evaluate treatment of OSA with CPAP after 3 months of treatment. 17 As with our results, they found that CPAP-treatment achieved a normalized total FOSQ score above 18. Furthermore, in a cohort study of hypoglossal nerve stimulation of 126 patients with moderate-to-severe OSA, the total FOSQ improved from mean 14.3 (median 14.6) to 17.3 (median 18.2). 18 In contrast, a RCT conducted by Marklund et al. evaluating MRD treatment versus placebo in patients with mild-to-moderate OSA showed no significant group differences at follow-up on any subscale of the FOSQ or the KSQ after 4 months with MRD even if the polysomnographic results were significantly improved. 19 Although CPAP and/or MRD should remain the first line treatment for OSA, these treatments should be interpreted in the context of low adherence. In contrast, surgery, even if less effective compared with CPAP, is beneficial on both subjective and objective sleep quality and the issue of adherence is nonrelevant.
As previously presented, there were only minor-to-moderate postoperative complications, which had resolved at the 6-month follow-up 4 and there were no serious complications or mortality after 2 years. 15 The primary symptom of OSA-excessive daytime sleepiness-is probably caused by frequent sleep apnea episodes, with fragmented sleep and oxygen desaturations. As expected, there was a marked reduction in the KSQ of the subjective apnea and sleepiness subscale scores in the follow-ups of the operated patients. There was also a slight and significant decrease in the insomnia subscale, which is not surprising since insomnia has been shown to be a common symptom of OSA. 20 Mendes and Santos found that CPAP effectively treated both insomnia and OSA symptoms, 21 and Glidewell et al. 22 had similar results in a study that assessed the relationships among insomnia symptoms, OSA variables, and CPAP use. These studies support the results of the present study, and that also modified UPPP may improve subjective sleep quality.
Furthermore, other studies have shown that sleepy patients have improved physiologic response, e.g., decreased blood pressure after CPAP use, compared with nonsleepy patients. 23 The patients in the present study can be defined as a sleepy cohort, with a mean ESS at inclusion of 13. As would have been expected with CPAP-treatment, their systolic and diastolic blood pressures were significantly reduced after our modified UPPP, also after 2 years. For all interventions, there is the possibility of the placebo effect. In the present study, there were correlations between subjective and objective data in that the questionnaires correlated not only to each other but also to objective measures such as sleep latency and AHI. These results suggest a real positive effect of UPPP, although a placebo effect cannot be excluded. In addition, the 2-year follow-up did not show any sign of a diminishing effect and a placebo effect would presumably lessen over time.
In our previous SKUP3 studies of the same cohort, we reported that AHI as well as blood pressure was significantly reduced in the intervention group compared with controls and that the QoL (SF-36) and daytime sleepiness measured by the ESS and sleep latency (vigilance test) had a similar pattern. Reductions of AHI also correlated significantly with improved QoL and reduced ESS. 8 These results strengthen the evidence that modified UPPP should be offered to selected patients with OSA.
The main strength of the present study is the randomized controlled design and the prospective long-term follow-ups (6 and 24 months) as well as the consistency of subjective and objective results from our previous studies of the same cohort. 4 There are several limitations in this study. First, the power analysis was calculated from our original study and based on improvement in AHI and not on the secondary outcomes in this study. Second, with the use of questionnaires, there is always the possibility of recall bias and that the mere context of participating in a study could influence answers. Another weakness is the mean rate for missing values (20%) in the KSQ, with the highest rate in the 24-month follow-up, probably due to single missing responses, leading to exclusion of the subscale. The ITT analyses in the RCT, however, did not change the results. Regardless, the long-term results should be interpreted with caution. Third, there is a problem with generalization of the results, and compared with the general population with OSA, 22 our subjects had a lower mean age, a lower mean BMI, and a higher AHI. It should also be noted that patients who had undergone previous tonsillectomy were not included in the study.
In selected patients with OSA, subjective sleep quality was significantly improved 6 months after UPPP compared with controls, with stable improvements 24 months postoperatively. The correlations between subjective and objective outcomes and the long-term stability suggest a beneficial effect from surgery, although a placebo effect cannot be excluded.
